Self-fertilization and admixture of genotypes from different populations can have major fitness consequences in native species. However, few studies have addressed their potential roles in invasive species. Here, we used plants of Mimulus guttatus from seven native North American, three invasive Scottish and four invasive New Zealand populations to address this. We created seeds from self-fertilization, within-population outcrossing, betweenpopulation outcrossing within the same range, and outcrossing between the native and invasive ranges. A greenhouse experiment showed that native and invasive plants of M. guttatus suffered to similar degrees from inbreeding depression, in terms of asexual reproduction and biomass production. After outcrossing with plants from other populations, M. guttatus benefited from heterosis, in terms of asexual and sexual reproduction, and biomass production, particularly when plants from native and invasive populations were crossed. This suggests that, when novel genotypes of M. guttatus from the native North American range will be introduced to the invasive ranges, subsequent outcrossing with M. guttatus plants that are already there might further boost invasiveness of this species.
Introduction
Many plant species have been introduced from their native range into new regions, where some of them have established naturalized populations and have become invasive. While many plant invasions may be driven by ecological factors such as disturbance (e.g. [1] ), or may be caused by pre-adaptations to the new environment [2, 3] , genetic processes may also play important roles [4] [5] [6] [7] . Although many studies have focused on evolutionary change between native and invasive populations (e.g. [5, 6, [8] [9] [10] ), relatively few have looked at effects of other genetic processes such as inbreeding depression [11, 12] and admixture [12] [13] [14] [15] [16] .
Self-compatible species are thought to be more likely to become invasive, because they can in principle start a reproductive population from a single individual, and may be less reliant on pollinators [17, 18] . Indeed, although there are highly invasive self-incompatible plants, self-compatible and autonomously selfing ones are frequently more widely naturalized and invasive (e.g. [19, 20] ). A potential negative consequence of self-compatibility that has not received much attention yet in the invasion literature (but see [11, 12, 16] ), and could reduce invasion potential, is inbreeding depression. This arises because selfing increases homozygosity, which may result in the expression of recessive deleterious alleles and a reduced expression of advantageous overdominance effects [21, 22] . However, as plants might have higher selfing rates in the invasive than in the native range, as a consequence of stronger mate and pollinator limitation in the invasive range, recessive deleterious alleles may have been purged from the invasive populations [23, 24] . Alternatively, these deleterious alleles may have become fixed in the populations by genetic drift [25] . Both processes would reduce the fitness difference between selfed and outcrossed progeny (i.e. the magnitude of inbreeding depression) in invasive populations.
While many non-native species may have undergone strong genetic bottlenecks during naturalization [26, 27] , some might actually harbour considerable genetic variation (e.g. [9, 28] ). The latter is particularly likely when genotypes from previously separated populations come into secondary contact in the non-native range [16, 29, 30] . Such admixture may occur when genotypes from different native populations are simultaneously introduced into a non-native location, when they are first introduced to different non-native locations and meet after they spread in the landscape, or when genotypes from the native range are introduced into established non-native populations. The increasing evidence that multiple introductions of invasive species are the norm rather than the exception [27, 31, 32] indicates that at least some of these scenarios of admixture are quite common.
Multiple introductions and subsequent admixture may increase the evolutionary potential of invasive populations, and thereby may have long-term fitness benefits [9] . However, when plants from different source populations interbreed, this can also have immediate fitness consequences-either positive or negative-for the progeny [30] . As mentioned above, populations-particularly the ones that went through recent bottlenecks and are inbred-may suffer from drift load. Outcrossing with a plant from a different population may introduce alleles that are dominant over the recessive deleterious ones that had become fixed, and thus may result in increased progeny fitness. Such heterosis effects are frequently found in studies on genetic rescue of endangered species (e.g. [33, 34] ), but they might also be important during invasions [30] . Conversely, between-population outcrossing and the resulting genetic recombination can result in reduced fitness of the progeny (i.e. outbreeding depression) when it breaks up adaptation to the local environment and/or adaptive gene complexes [35] . Outcrossing can occur between populations within the native range or within the invasive range. When new propagules from the native range are introduced into previously established invasive populations, or vice versa, outcrossing may also occur between plants from the native and invasive ranges. The heterosis effects of such between-range outcrossing might even be larger than the effects of outcrossing between plants from different populations within a range, particularly when there is limited genetic variation between populations, as one may expect in the invasive range. On the other hand, when native and invasive populations have been separated for a considerable time, genetic incompatibilities may have arisen that could result in strong outbreeding depression [36] .
Only a few studies have addressed the fitness consequences of between-population outcrossing in invasive plants [37] . In one of the first of these studies, there was no fitness effect of between-population outcrossing, neither within the native range nor within the invasive range of Silene latifolia [14] . In a re-analysis of these data, a heterosis effect was found in the native range when plants from populations that were 600-1000 km apart were crossed, but not when the distances were larger, and also not in the invasive range [16] . Other studies in the invasive ranges of species also found evidence for heterosis after between-population outcrossing [12] or mixed results [13] . The few studies that performed crosses between native and invasive ranges indicate that reproductive barriers might have developed between native and invasive populations [36] , and that offspring might be less fit [38] . However, it is hard to draw general conclusions based on these few case studies. Moreover, to the best of our knowledge, no study has yet simultaneously tested the fitness effects of selfing, betweenpopulation outcrossing and between-range outcrossing in an invasive plant species.
Here, we used plants of Mimulus guttatus from nine native North American, three invasive Scottish and four invasive New Zealand populations to create seeds from self-fertilization, within-population outcrossing, betweenpopulation outcrossing within the same range, and outcrossing between the native and invasive ranges. We grew the firstgeneration progeny of these crosses in a greenhouse experiment to test for effects of the different cross types on fitness components. We asked the following specific questions: (i) Do plants of M. guttatus show inbreeding depression, and if so, is this lower for plants from the invasive ranges? (ii) Do plants of M. guttatus show heterosis or outbreeding depression after between-population outcrossing within their ranges, and if so, does the magnitude differ between native and invasive ranges? (iii) Is heterosis or outbreeding depression strongest after intercontinental outcrossing between plants from the native and invasive ranges?
Material and methods (a) Study species
Mimulus guttatus Fischer & DC (Phrymaceae) is native to western North America, and invasive in parts of Europe [39] and New Zealand [40] . The species grows as a perennial herb when grown under permanently wet conditions. However, in habitats that dry out at the end of spring, it has an enforced annual life cycle. Mimulus guttatus can vary in height from 0.1 to 1 m, and can spread vegetatively by means of stolons. It produces yellow, funnel-shaped flowers, which are visited by hoverflies, bees and bumblebees, and can produce up to 500 small seeds. The species is self-compatible and outcrossing rates range from near complete selfing to complete outcrossing [41 -44] . [8] . In each population, seeds were collected from at least 19 different plants that were more than 1 m apart. However, as seeds had been used for previous studies [8, 43] , not all seed families were available for this study. For both the native and invasive ranges, we used seeds from annual and perennial plants (electronic supplementary material, table S1).
To produce progeny with different degrees of inbreeding and outbreeding, we grew plants from the 16 populations in a greenhouse of the Botanical Garden of the University of Konstanz. In November 2011, seeds from at least six maternal plants per population were sown separately in pots filled with commercial seedling soil. At the beginning of December 2011, six or more seedlings from each population were transplanted individually into 2.7 l pots filled with commercial potting soil, and placed in a pollinator-free greenhouse compartment. Soon after these plants started flowering (in February 2012), and until our crossing design was completed in April 2012, we performed the following pollinations on each plant: (i) self-pollination; (ii) within-population outcrossing ( pollination with a randomly chosen other flowering plant from the same population); (iii) between-population outcrossing ( pollination with a randomly chosen flowering plant from one of the other populations from the same range); and (iv) between-range outcrossing ( pollination with a randomly chosen flowering plant from another range). As we were mainly interested in simulating scenarios of ongoing genetic exchange between native and invasive ranges, we only made between-range crosses between native (North American) and invasive plants (Scottish and New Zealand), but not between plants from the two invasive ranges. For the North American range, seven of the nine populations were used as mother plants; plants from the remaining two populations were used as fathers only (electronic supplementary material, table S1). Although we aimed at having six maternal plants per population, some plants died or did not produce seeds for one or more of the four pollination treatments. As a consequence, we had 63 instead of 84 maternal plants with a complete set of crosses (electronic supplementary material, table S2).
In all cross-pollinations, to avoid autonomous self-pollination of the pollinated flower, we emasculated the recipient flower by removing its anthers before dehiscence. Emasculated control flowers (one on each plant) that were not manually self-or cross-pollinated did not produce any seeds. All pollinations were made by removing dehisced anthers with clean forceps from a donor plant and rubbing the pollen on the stigma of a flower of the receptor plant. Seeds were harvested when ripe, and stored in paper bags at room temperature until the start of the experiment. As the seeds were produced under the same conditions, and we had all four pollination treatments on each maternal plant, confounding of cross-type effects with maternal carry-over effects can be excluded.
(c) Experimental set-up
To test for effects of inbreeding and different levels of outbreeding on survival, growth, vegetative reproduction and sexual reproduction, we performed a greenhouse experiment at the Botanical Garden of the University of Konstanz. On 28 November 2012, we sowed for each seed family up to 30 seeds into randomly assigned positions of 54- . Day length was extended with artificial lighting to 10 h at 218C, and the night temperature was 188C. In 242 cases, sufficient seeds (three or more) germinated from a single mother for each of the four cross types (selfing, within-population outcrossing, between-population outcrossing, between-range outcrossing). One week after germination, we transplanted three seedlings of each of these seed families into individual square pots (9 Â 9 Â 8 cm; Herman Meyer, Westerstede, Germany) filled with a 1 : 1 mixture of sand and vermiculite, and 3.5 g l 21 slowrelease fertilizer (Osmocote Exact; three to four months; 16% N, 9% P, 12% K, 2% Mg; Scotts International, Geldermalsen, The Netherlands). As 11 seedlings did not survive transplanting, this resulted in a total of 715 instead of 726 plants. Pots were randomly assigned to equidistant positions on a greenhouse table, and were re-randomized after one month.
(d) Measurements
At the end of the experiment (47-52 days after transplanting the seedlings), we first scored the survival of the plants. As a proxy of vegetative reproduction, we measured the cumulative length of all stolons (i.e. creeping branches). As measures of sexual reproduction, we first scored whether plants flowered, and on the ones that did, we counted the combined number of fully opened flowers, flower buds and spent flowers. After these measurements, to measure total biomass, we first harvested the aboveground biomass, including all stolons, and then washed the roots free from the soil. We weighed the aboveand belowground biomass of each plant after drying it to constant weight at 808C for at least 3 days. Although the duration of our experiment was relatively short, and might not have given all plants enough time to flower, the length of the growing season in many natural populations of M. guttatus is also less than two months.
(e) Analyses
To test whether cross type significantly affected plant performance (i.e. to test for in-and outbreeding depression, or heterosis), and whether the effect of cross-type depended on plant origin (range), we used (generalized) linear mixed models as implemented in the lmer function of the lme4 package (v. 1.1-7 [45] ) in R (v. 3.1.0 [46] ). As fixed terms, we included mother range (native North America, invasive Scotland, invasive New Zealand), cross type (self, within-population, between-population withinrange, between-range) and their interaction. As random terms, we included maternal population and mother plant (nested in maternal population). As the fitness of progeny may also depend on the identity of the pollen donor, we also included paternal population and paternal plant (nested in paternal population) in the random model. We used a binomial error distribution for the analyses of survival and flowering. As only a few plants died during the experiment, and we thus had few zeros in the survival data, we used a cloglog link instead of the default logit link in the analysis of survival [47] . To achieve model convergence for the binomial response variables, we used the 'bobyqa' optimizer in the lmer function. For the number of flowers (including flower buds and spent flowers) on the subset of flowering plants, and for the cumulative length of the stolons and for total biomass of all plants, we used a Gaussian error distribution. To improve normality and homoscedasticity of the residuals, we log n -transformed the number of flowers, and square-root-transformed cumulative stolon length and total biomass prior to analysis.
We tested the significance of the range Â cross type interaction and the main effects mother range and cross type by first removing the interaction, and then the main effects, and performing model comparison using likelihood-ratio tests (see notes below table 1). In cases where mother range had a significant effect, we made Tukey contrasts to test which ranges were different from each other using the glht function in the multcomp package [48] . To test whether there was significant inbreeding depression (self-pollinations versus within-population crosses), heterosis within range (within-population versus between-population crosses) and heterosis between range (within-population versus between-range crosses), we specified a custom contrast matrix and used the glht function in the multcomp package [48] to perform z-tests. To get an indication of the proportion of the variance explained by the fixed and random models, we calculated the marginal R 2 (variance explained by fixed effects only) and the conditional R 
Results (a) Survival
The average survival rate was 91.0% and ranged from 72.8% (selfed progeny from Scottish maternal plants) to 97.1% (progeny from between-range crosses with North American maternal plants; figure 1a) . Survival, however, did not differ significantly among the mother ranges (table 1). Cross type had a significant effect on survival (table 1) . However, although the overall effect of selfing on survival was negative and the overall effects of between-population and between-range outcrossing were positive, these effects were not significant in z-tests ( (b) Asexual reproduction and biomass production
As the total biomass consists largely of stolon biomass, the results for cumulative stolon length per plant and total biomass were quite similar (table 1 and figure 1 ). The cumulative stolon length per plant and the total biomass did not differ significantly among the mother ranges (table 1 and figure 1b,c) . The effect of cross type on cumulative stolon length and total biomass was significant; selfed progeny produced significantly less stolon length and biomass than progeny from within-population crosses, and progeny from between-range crosses produced significantly more stolon length and total biomass (table 1 and figure 1b,c). Although progeny from between-population crosses also produced slightly more stolon length and total biomass than progeny from within-population crosses (figure 1b,c), this effect was not significant (table 1) . Although the effect of cross type on total stolon length and biomass tended to be strongest in the native range ( figure 1b,c) , it did not differ significantly among the three mother ranges (no significant range Â cross type interaction; table 1).
(c) Sexual reproduction
On average 65.2% of the plants flowered during the experiment, and the flowering rate ranged from 16.7% (selfed progeny of Scottish maternal plants) to 84.8% ( progeny from between-range crosses of North American maternal plants; figure 1d ). Mother range had a significant effect on flowering probability (table 1) , with Scottish plants significantly less likely to flower than plants from North America (Tukey contrast: z ¼ 23.74, p , 0.001) and significantly less than plants from New Zealand (Tukey contrast: z ¼ 3.57, p , 0.01). Cross type also had a highly significant effect on flowering probability. It did not differ significantly between selfed progeny and progeny from within-population crosses (table 1) . However, compared with progeny from withinpopulation crosses, the ones from between-population and between-range crosses were more likely to flower, and this difference was significant for the latter (table 1) . The effects of cross type on flowering probability were only present in plants from North America and from Scotland, and not in plants from New Zealand, which had a relatively high flowering probability irrespective of cross type (marginally significant range Â cross type interaction; table 1). Among the plants that flowered, the number of flowers produced per plant ranged from 1 to 232, with a mean of 21. The number of flowers did not differ significantly among the three mother ranges ( figure 1e and table 1) . Cross type had a significant effect on flower number; progeny from between-range crosses produced significantly more flowers than progeny from within-and betweenpopulation crosses ( figure 1e and table 1) . Although the effect of cross type on flower number tended to be strongest in New Zealand (figure 1e), it did not differ significantly among the mother ranges (no significant range Â cross type interaction; table 1). Figure 1 . Comparison of life-history traits for Mimulus guttatus progeny derived from self-pollination (S) and cross-pollination within populations (WP), between populations (BP) and between ranges (BR). Data are shown for maternal plants from North America (native range), and from Scotland and New Zealand (both invasive ranges). BR crosses were always between native and invasive ranges. Error bars are 95% CIs based on Wilson approximations for the binomial traits seedling survival and flower rate, and standard errors for the approximately Gaussian transformed traits cumulative stolon length and biomass (both square root) and flower number (log n ). All error bars were calculated with the number of populations on which the range Â cross type means were based as sample size. This means that the error bars are conservative, because they do not reflect that multiple replicate seed families were used for each population, and multiple replicates for each seed family.
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Discussion
We found evidence that native and invasive plants of M. guttatus suffered to similar degrees from inbreeding depression, in terms of asexual reproduction and biomass production. Moreover, we showed that after outcrossing with plants from other populations, M. guttatus benefited from heterosis, in terms of asexual and sexual reproduction, and growth, particularly when plants from native and invasive populations were crossed. The latter suggests that if novel genotypes of M. guttatus from the native North American range were to be introduced to the invasive ranges, subsequent outcrossing with M. guttatus plants that are already there might boost invasiveness of this species.
(a) Inbreeding depression in native and invasive populations
The inbred offspring of M. guttatus in our study suffered from significant reductions in clonal reproduction and biomass production (most biomass was stolon biomass) compared with outbred offspring (figure 1). As inbreeding depression requires genetic variation [22] , the presence of inbreeding depression in the invasive populations indicates that there is considerable genetic variation in the invasive ranges. Indeed, a previous study on the same populations showed that most allozyme alleles from the native range were also present in the invasive ranges, and that there was little allozyme differentiation between the invasive and native ranges [8] . Although we did not find statistically significant inbreeding depression in terms of sexual reproduction, previous studies on inbreeding depression in native populations of M. guttatus found significant reductions in flower production of inbred offspring [50] [51] [52] . However, as asexual reproduction increases the number of flower-bearing shoots, the negative effect of inbreeding on stolon production might ultimately also decrease reproductive fitness. Our seven-week experiment may not have been long enough to detect this effect. Inbreeding depression in M. guttatus is mainly caused by recessive deleterious alleles, at least in two native populations of another study [51] , and thus could be purged. Indeed, genetic load was purged after five generations of selfing in some maternal lines of M. guttatus in a previous study [50] . The absence of significant differences in inbreeding depression between native and invasive populations in our study suggests that if there has been purging of genetic load, it has not been stronger in the invasive range than in the native range. This would imply that selfing rates in the invasive populations are not higher than in the native populations. While M. guttatus might initially have been mate limited in its invasive ranges, the species is unlikely to be pollinator limited as the flowers readily attract generalized pollinators, such as hoverflies, honeybees and bumblebees, at least in its invasive European range [53] (M. van Kleunen 2004, personal observation). Therefore, the most likely explanation for the lack of a difference in inbreeding depression, and thus purging, between the native and invasive populations of M. guttatus is that the invasive populations do not rely more on selfing than the native ones do. Furthermore, because overall the invasive populations did not have lower performance than the native ones, with the exception of the lower likelihood of flowering in the Scottish populations, the absence of a difference in inbreeding depression also suggests that the invasive populations have not accumulated more drift load than the native ones.
(b) Admixture between plants from different populations and ranges
On average, offspring from crosses between parents from different populations produced more stolons, biomass and flowers than offspring from within-population crosses (figure 1). While these effects were statistically not (or only marginally) significant for crosses between populations within the same range (WP versus BP in table 1), they were significant for crosses between native and invasive populations (WP versus BR in table 1 ). The fact that the increases in performance traits after between-population outcrossing within the same range were not statistically significant suggests that there is already considerable genetic variation both within native and within invasive populations of M. guttatus. Hence, gene flow among populations within the invasive ranges, as well as within the native range, will not (or will only marginally) increase performance traits beyond that of progeny from within-population outcrosses. Indeed, although a previous study on the same populations found significant allozyme differentiation among populations in the native range, population differentiation in the invasive ranges was not significant [8] . Nevertheless, the fact that performance traits increased considerably after between-range outcrossing suggests that both native and invasive ranges suffer to some extent from drift load, which can be reduced by admixture through heterosis [4] . Although none of the range Â cross type interactions was statistically significant (table 1), the magnitude of the heterosis effects appeared to differ among the ranges (figure 1). The effect of heterosis on the proportion of flowering plants was apparent in the native range and in Scotland, but not in New Zealand (this interaction was marginally significant). Similarly, the heterosis effect on stolon and biomass production appeared to be strongest in the native range, weak in Scotland and absent in the New Zealand range. However, the reverse pattern, particularly with regard to betweenrange outcrossing, appeared to hold for flower production. The lack of significance of the range Â cross type interactions could reflect low statistical power for detecting such interactions. Nevertheless, even if the apparent (but non-significant) differences are real, the fact that for some performance traits the heterosis effects are stronger in the native range and for others in the invasive range still suggests that both native and invasive populations will benefit from between-range outcrossing.
In natural populations, admixture does not always lead to heterosis, but can also have negative fitness consequences when it results in a reduction of local adaptation [38] . This outbreeding depression, however, is more likely to appear in the second and later offspring generations, after recombination has broken up co-adapted gene complexes [21] . Moreover, it has been suggested that during the invasion process, when populations have not yet become locally adapted to their new environments, outbreeding depression is less likely to offset the benefits of heterosis [16] . Therefore, the heterosis effects found in our greenhouse experiment indicate that introduction of novel genotypes from the native range into invasive ranges might boost fitness. This effect is known from endangered native species, where artificial introduction of novel genotypes into genetically impoverished rspb.royalsocietypublishing.org Proc. R. Soc. B 282: 20151487 populations reduces inbreeding depression and drift load [33, 54] . For some native species, it has been shown that heterosis effects in the first offspring generation were swamped by negative effects of outbreeding depression in later generations [55, 56] . Therefore, it is important that future studies on the effects of admixture in invasive plants also assess the fitness of plants in subsequent generations (e.g. [13] ). Nevertheless, even when the fitness benefit of admixture is ephemeral, the temporary boost in performance might have a catapult effect that could increase invasiveness [57] . Furthermore, introducing genotypes from the invasive ranges back to the native range would also boost performance there. Although we are not aware of any examples, such an introduction of invasive alien genotypes back into the native range could result in invasive behaviour there.
So far, only a few other studies have assessed the importance of admixture in invasive plant species [12] [13] [14] [15] [16] . Nuclear and chloroplast markers provided evidence for a considerable degree of admixture in invasive North American and in native European populations of Silene vulgaris [15] . An accompanying greenhouse experiment showed that invasive populations benefitted more from admixture in terms of fruit production than native populations, which could be due to increased evolutionary potential of admixed populations and/or heterosis [15] . Based on offspring from selffertilization and from outcrossing within populations, between populations and between regions in its invasive North American range, there was evidence for strong inbreeding depression in S. vulgaris, but the effect of admixture depended on the regions; some regions showed heterosis while others showed outbreeding depression [13] . On the other hand, in an invasive North American population of Alliaria petiolata offspring fitness increased after between-population outcrossing, but there was no evidence for inbreeding depression [12] . Results on the effects of admixture between populations within the non-native ranges of invasive species are thus variable, and more studies are required to see whether there are any general patterns.
Few studies have crossed plants from the native and invasive ranges to assess the fitness consequences. For a native Swiss provenance of Silene alba, heterosis was observed for progeny from crosses with three other European provenances, but outbreeding depression was observed for progeny from a cross with a non-native North American provenance [38] . In two Centaurea species, there was even evidence that reproductive barriers may have arisen between invasive and native populations, as between-continent crosses resulted in fewer seeds per inflorescence than within-continent crosses [36] . In our study, we did not systematically score seed set of the crosses that we made, but as most of the crosses resulted in sufficient numbers of seeds and the offspring had increased performance, we have no reason to believe that reproductive barriers have arisen yet between native and invasive M. guttatus plants, nor that between-continent outcrossing will result in outbreeding depression.
Conclusion
While selfing might provide reproductive assurance when plants are mate and/or pollinator limited after introduction to non-native ranges [17] , our findings indicate that the contribution of selfing to invasiveness may be hampered by significant inbreeding depression. As a consequence, factors that increase outcrossing in non-native populations can potentially boost individual fitness, and consequently population growth rates and invasiveness. Therefore, species that manage to attract sufficient pollinators after introduction to a non-native range might have an advantage over those species that can only reproduce by selfing, unless the latter have effectively purged genetic load. So, although selfing might increase the likelihood of becoming invasive by providing reproductive assurance, it will still be beneficial for plants in the invasive range to maintain some outcrossing.
In the invasive range, a further benefit of outcrossing could be that it allows for admixture when novel genotypes are introduced. Although admixture between populations within the native range or within the invasive ranges had no significant (or only marginal) benefits, we showed that heterosis can be considerable after crosses between the native and invasive ranges. While some countries have strict import regulations for novel alien species, this legislation frequently does not prohibit the import of new genetic material of species that had already established before the legislation became active (e.g. the Biosecurity Act 1993 [58] and the Hazardous Substances and New Organisms Act 1996 of New Zealand [59] ). As a consequence, the current legislation is not sufficient to prevent an increase in invasiveness through admixture in alien species that have already established.
Studies that found increased fitness of non-native over native populations of invasive species have frequently implied adaptive evolutionary processes [10] . However, our results suggest that such fitness differences could also arise if heterosis effects persist for multiple generations, and if admixture is more common in non-native than in native populations of invasive species. The latter could be the case when invasive populations occur mainly in well-connected anthropogenic environments, while native populations occur in more isolated natural habitats. Most importantly, even if the effect of heterosis turns out to be ephemeral, the temporary increase in performance might be sufficient to overcome stochastic effects, and when this translates into increased population growth rates [60] , it will boost invasiveness.
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